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FOREWORD

I he \~~ ‘. ‘i S~ v’ itL .v’ .-\ ssIs ta Iice Program I NSA!’) was established by the Director of
Lj horaIii r iv -~ in June 1 I~~~

’() to l)rOs’ide quick-reaction response to urgent needs of the
I k-el. I ‘ nder j \ ¼’ \l’ . which ~ administered by the Naval Surface Weapons Center

Si l s e r  Sprint ’ . \larvland, s .ience ads tso rv and representatives are assigned to work
di rectly s~it li I - l ev i  ( ointnanders . Ifiese NSA! ’ personnel all volunteers from Navy lahora-
to r ies pros dv ,ts- ,Nt.iIke in areas such as command control , communication~,e lectronj c
and antisuhniartne wa r t a re ,  and air defense. Thus , the entire Navy laboratory community
is represente d in pio~ i din~ tec hnical e\ pe rt ise  to the Operating commands.

This project I SU RE- l’-b-7~ I was initiate d h~ the (‘ommander , Naval Surface Forces .i;s Pacifi c I :leet as an NSAP ta sk to advl r~’ss one of t h e  perceive d problems a ffecting the
High Command Ill(’()M) network responsivenes s. The NSAP E)irector requested a proposal
from NE LC to conduct a feastbi lity demonstration of a selective-call alarm. The resultant
tas king delined the scope of the project summarized by t his document,

OBJECTIVE

The High Comman d (1-IICOM) network is a high-priority voice channel between
operational commanders and individual units. Because of its high priority. certainty of
communications is required: however, a num ber ot ’ factors militate against perfection,
There fore , it is always desirable to improve HICOM responsiveness. The most serious
problem in normal IIICOM operation is operator inattention : it was felt that some sort of
device was needed to alert HICOM operators . This project investigated the impact ot’ a
select ive calling and alarm system, the feasibility of meeting current needs with existing
tec hnology , an d the implementation factors to be considered.

RESU LTS
• A se lect ive-call alarm can significantly enhance HICOM responsiveness.

2. Although the project measures of responsiveness are not related directly to
normal network operat ion. the operator inattention Problem was virtually eliminated by
the call system.

3, Various operator and propagation problems were also analyzed.
4. Information to support the eventual implementation of selective call for HICOM

was developed,

RECOMMENDATIONS
I. Expeditiously implement a selective-call alar m system for IIICOM consistent _______

with Fleet priorities. .—

2. Incorporate the features detailed herein. 8~ite SadtM

~Vfl *~c?tis ~3. Change the transmission mode for HICOM as soon as practicable : high-frequency o
propagation problems are extensive. 
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INTRO I)UCTION

B -~C I((, ROt ‘N I)
I lie f l ie l l  (‘oinmand C JII(’OM ) netwo rk is U ltigh-t ’req ueite~ voic e ehi ,inne l whti ~ lt is

,~eol for It iv’ t_ pr io r it~ comi itunicat 10115 bet wv ’en operational co m manders and individual
un i ts . Al though the rlet ss ork i~ selvlulfl lis evi ( re l at ive to other communications eirei a i s )  fur
,icl uia l traf f ic ,  it does cal r~ a num ber of test comm uinicat ions and exercises to measure
et led I’. ch ess and to trai n I Il(’O\l operatl I[~~. Because of the hi ight— priorit ~ nature i t t  t he
netss ork. ce rtaint \  Of contnlunieat ions Is a 1 I I ( ’( J M  re(luiirement. •-~lthoug 1i a nunt her of
I i d t i o r s  mil i tate against perf ev lion, it is a lw ays des irable to improse I I IC OM res pons ivenes s
I t  ti e measure ol the ci fe e t iven ess of the network ) .

l l tk project os a s in i t iated by the Sv le ilco ’ Advisor to the Commander , Naval Su rf ace
i orcv - s . US Pacifi c I leet, :is a Nav~ Science As s is tance Prograni (NSAI’ ) tas k to address
one of t he re rce ive d problems a f f ec t i ng  HICOM responsivene ss NELC responded to the
\S \ I’ I)irector. Nasal Sur f ace \\e .spo iis Center , Sil’o er  Spring. w ith a proposal offering
t hree levels of ci to r t ,  f ront the three, a moderate-level effort was selected which thoroughly
i t ises t iga te d the technical fe a sib i l i ty  of a proposed concept. tested it in operation , and
dese loped information t rom which implementation decis ions could he made. The minimum—
le’~ el ef for t  would have tested only the technical feasibility aspects: the maximum-level
e f for t  would have insest igated the operational ramifications of the equipment. rather than
con ducting a cursory examination of its employment , and would have developed data on
;‘ooss thle interference problems in a fully deployed s y s t e i l ’ i . The maximum eI’fort would
LIve led direct l y to a service- approval test cycle, but funding limitations dictated the
mo derate-level effort which would have the e f f e c t  of deferring sOlli c of the acquisition
decisions should the feasibility and utility of the proposed system be proven. \LLC
proceeded t I l  establish liaison with COMNAVSUR I-PAC and NAVCOM\ISTA. San Diego),
upon receipt of NSA P tas king. This report describes the resulting proje ct. designated
l{(COM A L l  RT. and its results.

HICOM RESPONSIVENESS FACTORS
Three major t a c tor s  at f ec t  the respons iveness of ’ the HICOM netsvork . Tw I.~ are

o per ator-re lated and the third is a problem of phys ics . The operator t’av t o rs  can be described
as ‘‘coc kpit error ” and operator inattention, L,i ws of human error appear to be iniimitabie.
‘[he training and respon s ise ness tests for III(’OM are oriented toward maintaining an
.ic~c pt a bly responsive network , There are prac t i c a l  Itm its to svhat can be done to) exclude
human error: however, Operator inattention has sometimes played a role significantly beyond
the combined ef ’f’ect s of other factors , Operator inattention was the problem addressed by
the IIICOM ALERT project , The roles of other factors were also considered to ensure that
any interactive effects were taken into account.

The physics problem of propagation at high f’requenc ies is a formidable one. One of ’
the first considerations in investigating the m atter of ’ propagation is the location of HICOM
in a high-frequency band, Distance requirements preclude the use of higher frequtencies
which are line-of-sight limited. The low-frequency and very-low-frequency hands are
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p rac t ica l fo r t r _ i i i s ihhi t t imig f rom sl io> , e  s t J t i u i t \  III sh ifts . but the tev er se link becomes
i itp rac t ica l  becj u’- o - ships are too small to  i~I \ o ~’ et R ent Oitiili di Fv ’v’tio iial antenna s in the
lois bands. In av lo l: t ion, s uir i.ico - ships do not h i as e  a require m ent 0 transm it  in the loss bands
.iitd curi’eut l~ do li l t have ~‘qu ipmiiei i ts to su ippoit s i iv l i  a re l lu ire m nent.  I’urt lier. III(’OM is

not ut suc h a nature _ is to  J I i s t t i ° , a t r ansmih i t t v ’r to be provu ired and insi . ! led - ,t r ic t l )  to
support t he operation ot t h e  network in a low band.

I l ig l i—t re o ~1icI1c) pr opa ga lion c liara~ ter is t i cs e hta itge geograph icall) with tulle of ’ day
and svi th i seasol i  in a rein t i ’ o ci) l)rv ’ d hvt _ i b lL ’ pal tern so uiiij o’r dat a  are ~‘ontinuiouisly improving
hii ~ l t—l r c j uef lc\  p~ Ip.Ii!at iOit l) redictions. If II I( ()M ss’ere the onls network iii Loncern
operating at bight ireq uenc ies , a I requicnc\ set b r  I II( OM could be selected and scheduled
b r  ~hit ie ret i t ar ea s Id the so I irlol t o o  irt uall~ guarantee coO e race . ‘1 lie fre qu ietic ~ set f o r

I Il( ‘OM svoui ld also be o pti m um ) I or oilier hig lt-f requenc~ networks which are also ex peri—
cii~ il1g the Sante pro pagation problems. There fore , it is not poss ib le to generate a practical
t req ue ncy plan which svouild accouiri t for all hi i ghm -f ’requienc~ propagation e f f ec t s  Neverthe-
less , given the special diversity of shore stat i ons and the present treque micy—manage ment
pray tides !‘or }lI( OM. it should be possible to miiiimitc higli-l’requeney propagation prohlems
for an\ coordinated broadcast

Prior work at Nl.LC, sponsored b~ NSAP , exa mined and recommended solutions
for four US Taiwan Defense (‘onimand communications problems. These recommendat ions
svv’re contained in a report authored b~’ TL Comport in February 1974. Included in the
report were directions i’or c ht oo s im ig a transmitting site to maximize the chances of a ship
rece iving a broadcast , One of these methods is for the ship to be monitoring two or more
t’requienc ies at the sa m e time. A practical problem i5 faced in this connection since the
ships do not have suff icient receiv ing and transmitting assets for this pumrpose. In addition,
ship personnel o f ten  do not have time to use the predictive tables to determine which
frequency is most likely to be the best at a given time, Their predictive e fforts are normally
revers ed for the hard-copy network s such as Fleet Broadcast. Many times. trial and error
beco m es t he most e t t e c t i s e  niethiod of attacking the propagation problem aboard ship.

Operator errom s have a great ef fect  upon IJICOM responsiveness . Ty pical errors
include the mispatch ino of ’ rece ivers, transmitter s , and audio terminals and mistuning of
rece ivers and transmitters. Two fac tors which af fect  the operator error rate are training and
comman d attent ion. The exerci ses and tests conducted on IIICOM play major roles in
mobilizing bot h factors towa rd t li i il im i/. ing operator errors.

lnter v iess s wi th  communication s personnel revealed that operator inattention was a
major f acto r  in JIl(’OM nonresponsiveness . Because, even with exercises and t e s t s . III C OM
is not a sery busy network. ships do not designate an individual as a full-time I IICOM
operator. A lso, noise ‘and atmospherics make l’IICOM a background noise nuisance 01) iliost
ships and. as a result. it becomes very easy for ship personnel to miss a call,

[he situation is further compounded by t he security procedures applied to call-sign
assignments The IIICO\I call s igns are “double alpha” in construction (“alpha romeo” for

or ‘‘sierra echo ” f’or SE. using the phonetic alphabet ) and are changed frequent I~ amid
regu larly for each cotnmanol, Operators easil y recogni ze standard call signs just as an indivi-
duial can hear his own name calleo l in a noisy room. However, because IIICOM call signs arc
c hanged frequently . they never can become assi milated by ship personnel, This problem is
further compounded for a ship guarding several group amid embarked command call signs as
we ll as its own.

Unless the HICOM network is moved to a secure satellite channel or supplanted
by a different mode of command control communications , the problems just discussed will
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remain er~ real. l i e  br m>aol p I l il l o  se of II I( ‘OM ALERT Was t o I aulolre’ss t Ime t v a s i b i l m t y  Ill

m mn pros m it f i I II( O\l res po I h i s i v c i i e s s . Operator mmla tte i it ion was t h e  largest variable factor  and
time one foun d i h i I i s t  s umsce pi mbk ’ to tec hiniv .ml ~o duit ion.

SYSTE M CONCEPT
I he liv. v ’~~l i,.~l appro’av’ hm tomw , ir il o)serei ) ifl nig operator inattention wa s to pi’ov i de a

s e le~ l i v  e-~ il l .m l.mrm n s~ stein which ‘So u l l  re,ict w i th  a d ist inct ive warble tone and a light univ

omit t h o s e  ships being ,illed. A scheme vs~m~ nee ded to produce an electronic cal l recog nizable
os detect ion eqUip m ent on e, Iv  II sh ip. A n env oo s ler would have t o )  he installed at the operator

oh i o n  a t  e.m y Ii shore s t , i t i oon  and a y f e co ty ler wo u ld be emplaced on each ship. The ~y stem

s~’ij t i ld not interfere with normal I I  l( OM operations anol a sim ff mc ie mi t number of sele et is e

~.this would he iv ,o l.ihle to ser s v. e all sh ips and grou p command strumct um res afloat , [he ship

encoo lcr vs tu m id re:v. I to t h e  ~hip s l oss  ii ca ll sig fl and those ot any groups or command
Hiked aboard the ship. Sele~ i t s  e-~,il h oles ices to )  accomp lish t h ese t ask s were found to be

,is a ilable com mercially in a a r t y - t o  of ’ forms.
It vs , is est im ateol that nonres pons ivem less dime to operator inattention could be virtumally

e li iuin’ateo l if sUo .t 1  a se lecti se -c~m h1 s i s t e m  \ Oe rc to be proven feasible New chance s of
operator error cou ld be introduced .ms encoder or decooler setup errors. but these could be

minimize d h dcv I s m i l O  a scheme whereby’ co de sets on the ship svould be easy’ to change or
s s o o u l o .l he changed au mto matic all y

PROJEC T APPROACH

GENERAL

For vhts c uoss i o in  pu rposes. IJICOM ALE RT can be seen as comprised of three broad

tasks :  engineering, test , an d analy sis-conclusions . The emigineertng task inclu ded searching

for , se lecting, and procuring an appropriate selective-call alarm system. designing neces s ary

modif ications, and installing the equipments aboard test ships anol at the Naval (‘ommuinica-

t mo ) ns Station C \ ..\\‘ (‘O\1MST.~\ . San Diego. The test task included test planning. execut ion.

and ~l.ita collection . In this t ask , close liaison with key contacts at NAVCOMMSTA and
N A\ ’  SI. R [PAl- com mum nicat i t m ns was essential. The analysis-concl usions task begami

with a requirements anali s is and ta rr ied through the test—data reduction to the deter mina—
lion of feasible implementation alternati ves. ,.~ll three tas ks were com idueted concuirre ntly- .

TEC H NICAL FEA TURES

Technical features of the project were derived from the s\ stem concept and from

discussions between NAVSUR I PAC personnel amid NLLC engineers experience d in high-

frequency communications - T ue olesire m,l tec ht im ica l  features of the system are listed in

tab le  I . The overall driving factor was that the requirements of ’ the .~vste m be compatible

ovith current tfK’OM network operation which u ses single—sideband voice in tile high—

t’requeticy spectrum.
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I \Ili I I ‘~I I I  ( ll \ I (‘ .\l I ~-~~S1l~~l Ii ( l l\ l (  \h I l.\ l l] l-t I.S.

l o t  1’0~~~r ol ~ ve lee Iose - ~ oi l ~~yte ’ f u j i )  I i o ’ on i m mia l )
I (J(J(J I iilumi u i i o  C

i l — c _ 4U p l o  . o m iii~ I “ t o

( iu p .o i i ts i t i i s  v~i mho mc lL’p h l ohu .- ’lm nc

( otin pat ihihi io so tb 55h l it

Iii V . (oO II,. t~

dy ’ I I

) utp u m i U dlfm n mit  I ,~ on 600 ulmnts

Ds’sol der onl y

Iitpui ou iput on samul e It im e

l i tpu mt ranee =20 to o  + IS dBm at 600 oltnms

O imtp umt + IS d Bin in itt  600 oh ms

slntiplies detect e d t o o t l e  Jedurad ’ o f  1 II,,

Se le c t i v e - c a l l  si sten is operate by tram ismitt im ig a tone sequet ice winch is recognized
h’~ de~ osler eq ~iipment. Propagation e f f e c t s  at h’mig hi f req uen c ies cause tonal sh ifts in each
‘~iy leh,mml d ‘and, since t h e  tone—reco gnition bandpasses muisf be very’ narrow to preclude t~m J se
a larms f ly tone s h i f t s  in vo ice modulations , a m e t hod of tone reference must be used to
present a 5t,ih le , precise tone out po mt to the decoder from the rece iver.  Tvv o basic meth’mo ds
f l la\ ho’ uiscd to esi ,u ‘h is lu th us re ference. Om ’me is the use of a diversi t y mode of transm ission
anoh t h e  oth t er is t h e  Use of ’ a re ference transmitted tone. IIICOM operation requmired the
la t ter  approach be ui se o h Another requirement sOd s that the tom ie sequmences be sufficiently
~ ic’ ,i t in number to support a fuilly implemented Navi  sy stein, It was est liriated that thus
‘ 1  t uber might he as h ighi .i~ .~O(U) I .2°c nc se l r i y ’ f lccs t i c  t’eo um i reo l by the m’ec om nnte ot de ul
s\ ste lu C

Several addit ional I’eatuires were des ired f ’t)r test ing olitl’erent operat ing characteristics.
I tess incl uded t hi e abi l i t y t o o  ch ange cooles in the decoders . mui ltiple code alarms. anol a
vis ual indica for rem~ui iring a manual rese t , I iues ~’ features overe not needed to prove the
l~ j sib’ i h i t y  of se lect ive , ml lm n °_i hut were important in determining the ex ten t  amid depth oh’
implementation I ptio iis. operator y’ iiit t rols . amid the probable c o s t s  assoeiateo l with variou s

if ca t io n char .mc ter m st ic s.
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t i l l ’ i t i . tmi tm f ’as l u i r c i s  yt t .o o o o t ’ q ~ . o t d  is ’ sV ’ I ’ , cv iu , m ~h a v e r y  m uted co de , , cp . mc i t v .  ( ) c o i \  .i ~‘,~~ls ’iti

m u ,mnuol ,o ~ tu m red h~ I - ‘ i nn I h e o l t o m u L s  ~o t i i i ’ c r o ed the hcc i i - ? r ’ ~~: : e ’ c ,  \ sc ruc l o ’ - s m de b ’ , o t u d 0 ) 1 0 0 ’

1oj c c ’ c l c t ’ . ~mtd t ime l a t e . ’ i t o o m i m b e m ’ o o t  dc ’s m t ed  d o m o lo ’,
( yOtUi i ~~y i .o l e l v ~ ri IIlss - r , t t t t o ns  . v l i c ’ ’ hi use v h c t - I ’ ~ 1 rad io  s\ ‘ lo ’ t t i s  c o i I ’ i u t uite the

y o O l t i I l i d i ’ i , i l  m a c  ‘. io i r  se lec t i ve - ca l l  e b u c i l o i i m s ’ c i t s ,  \ se~~o o c i l , o i \ : i ,o i l .  I is t h a t  ‘I s hm~o~o i t o g

~ o o t r i j ’ ,u)i es ‘ I t c h  m is c h c u g h : : re o ~o o e t v . y  ~i r o e L -side h rid 4 0 0 t m u m n u i t i c , m l i o n s  o m i t  t h e  ‘Icc ’ . m to ~ .mi t o l

C c .  o h  I kes .  It is f Ir t h is l.it ler i m o . o r k : t  t h i , u t  l. mr ain m u a m t u m i , o o i u m r e s  i t’  e o l u i l o u 1 1 1 . c i t ,  A mimarke t

su rv ey  i e v e . o b e ! l o o t  Ihie I t .o ih i  s y s t e m  is I0~~(’ o ve t ’ s  suic eessfulh y f l y  ( , t c , , t  I o l e ’  t r o l l - o le

c.mrr iers and by t he I ,i~ t ( uom r , t  ~mid \ ! c I : t  or  S ’ a  I r . i c 1 ~ j ’ o t t  ~~ r v v . e .  N o ,  ot h er p o m t c c u t i a l
s00iF~~Cs f t  m t -the -shel l e la mp r i l ents  ~i uut , ih le f o r  lll( O\l \h  I 1< 1 wo re y l c o u t i l c e o l ,  l’o umt .U , o 1 0 0 t

‘a lc , o hi y b / e c i  eornp.oi lis ’s .011 ii? .0 po s I t i o n t o o  c o m n u j e t e  l o l l ’  a N. m vr ‘ .~ s t e t t i  w humi :  co Uld resum l t
t roll) III( ’O\l \ l.l RI

s l i p eov i ro t i h i ) ) e f l t s  l o o m  h l l (  C i\ 1 equmip il ient ,mre ok ru tm c a l  wi th those environment s
of ~o o n c i u ! m e r ~ ual c ,oh ’ U oet ’s .‘s c e pt t i c . o i in t Im e \ .u”~ 

, elec i r omn ag netmc t n t e r l c r e r t o e  le \ e ls  ( cml i i )

ii , ’ hiiihm er ansI ,ic ol is t ic no m Is c in t h e  w m or k  sp ices Is e reater.  R1 nose od thus e lo ise s m m nm l ar i t i  mmt
: n O \ l i ’ l O t ) c t i e n t ’  o t vs ,ms .o~~u , m t ie d. so i t h i  high ~~l ;c h i demu ce .  th iat the Lo ramn eo luuip i l is ’ t i t  v v oo c i l c h v so t k

a~ m’eliahlv in tbi ~’ .\,c ’. e r t s o n o n m e n t s  ,v. in l i c e  co m m tu in erc u m l  ones .
I c e  I - r . i n e’ uopme nt met t h e  ap p’ am ’en t Ill( ()M A t  LR’I res l umire mn en ts x ,e pt to r

t b me dec oder ‘01:0 a~~o’ w ith t h e  h l l ( ’ ( )M net eo~1im p lnent. Be 1a mos e it com uld be muoh ified
e.is m hi , the I ot’ ,oin e q umip m n ecu t  vs a ’ to no nd  t o o  he ideal or prole~ t puirposes . On the h~~t 5 01

t h e tc ~ b urnoca I  4 ,o r,o c l i i o c s  ansI ‘a li: or 011r ’ ! I  market se u rc l t .  this ’ i , 00l l  es~u mm p mfl en t  vsa ~ s e j e c t e o l

‘a mid p ry  o u t e d  l’ l ios  e o 1~o u p m ne n t  is s hiovv n in I igu o re 1

Figure 1. Lorain electronics equipment used in IIICOM ALERT
(encoder , cult indicator , decoder).
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\lOI)lFlC,.~T IONS I-OR II S I
l lie f o o i j~~ eum ~ o R h o I rs ’ q o uo m .c ol no : i u o i i l u  ,ili o o i ’  l m m r  ins ta l la t io n .11 \ ,AV ( OM\IS ’IA ,

S,oit Diego lnt. ’ i t , o e e  ~o 1mn i° tn t i 1 ’ nts vse re , 1d1 l in ,mcc urola nct ’ ‘,s i t ht l i s t  d l . o tmo n instrome t toi ls
in t lie cue d1’ m t s ’c hl o n c~ ,t 1 i , o c m c m , t l

h o c  l~ o t , o i i i  si , o n i o n ~s m o t e n o o h e o l  It ! ’ o I I i i ) i ! t C i ’Cl . it  ~v ork  iii t h e  i m h m m ’ m ne hand oii f I \ v ’ l
d h i ,m hl m le l ,o ” s io ’ O n i l i d O o i s  0 i t i - .or po ;, mi es - i ’  r,’ c e i v c i  ie , o s le i t s l s  os l m m ho d ie I i s ,e i h-t u m iis’sl t o o  Ill’:
e htani ie ls s o t  tn i .  y~ i, l I~ :e , os lenns i s  .ire . 1 ,otmn e s h so t lu . i t ea ch d r m\e ’  a conlim iun inte r ’ c o ’ ,’ ot ~ o ic

reo l L ce ! t c \  ,o o , L ’,~o h i o m  ~o o o i l o l e  ii se s h u me i l c o ,’, I he . i c o s h i o o  o u m t p u m t  5 t o o l  to ~o t I m e re cc ’ i v d !  o s hu ichi
t r ’ anlst . i les t ime re~ d I v e !  l0 il s l i l t ) s hm gmta l  p o o l - e s  and s t o m p s  t u e  sean nu m ig ii .m va l m d  signal is
re c em s eu l . I ,e c om rre ~ i s e o l umem i ce o t t  d ie i t , i i  pu lses is s e m o ’ .ch hr t ime sly -code m ito dui le am id t ime
alarm is set i t .  Th ti~ q’cr .mt ion Is dc i i  01 , o 0 1 0 t I c  i _ i a !  app hi c a tmo i i i s  b e c a u s e  the decoder

c o o , mr d os c l o , IJn I i s ’ is \ s l iU ; 0 .  in tumrn , requires on ly om le marine rece i ver  ( t r an s ce i ve r )  vvlu m .
e,in be ‘vs n t ,  hu e d t o o  t ime pro  o i ler cliannc- l vs neil .0 ca ll is recc ’ m s e d

h o o t  \ , i \ \  Ill( Q~s f cisc.  t h e  l, o o n ’ , oonc  y Ieo,’ om y ler res luire d ‘ eS e lO o l  nioohhieat ions he cao ose
I ll(’OM clu am ig e ’ t r y ’ Us ic y re la t ive l y  of tell to m t m m i i m m l u i e  ads erse propac at Oil v i  I c c  is at h o
i r eqi me nm eme- . In ads lmtion , hec aumse of the rn ’ onir t r a f f ic passed o ne r II I(’O\l. a receiver is

dedicated to t he no’ tw o r k, ‘IThuis. it so ‘a’ s het e r mn ine s h that the select ive—cal l  f ’eatumre desired for
I II( ‘OM ~~ uld I o p e r o t e  entire lr front t u e  au ict io . output  o u t  t ime receiver.

‘[lie sleeosls’r nios hiicatioms eli m inated tim e rf arid if ’ co rcum itry of ’ t his’ Lorain eq uim pmn e nt
an d hr passed the se~onn ing electronics. Input-matching circumitr y ’ was aduled l’roni t he ( 00-
ohni bal’aitces l a u id io m Ouitp lm t to t h e  d p p r o mpr n_ o Ic inpumt impedance at the a u m shm o o insertion point.
S cu ce t here osere th ree ~ o ) - s i f l e  aum dio insert Ion points anol the best one could not he s e lected
on t ime bas is of Ial~o , r ,oisui \ t es t s , it vO , rs decided th iat all th ree points ovould he trme sl hr using
a diff ’erent insert ion point in each of three c leco oc lers - A foumrth decoder m odification version
c li r m l nat ech i1 io ~~si ot t he rf c i rcui t r r  ansI the scam ining elect rom iics and app lied t h e  audio to ) a
flloslLilat tm r con t rolh mig arm oo - .eo lboo to r  so,’ t  at t he intermed iate frequency (455 kIfi ). Tlns
f ’oumrt hm s heco o c ler v er~o o i l  ova ’  sutpe ri o o r in performance t o )  this ’ ot her three . w hich used aud io

r e t  o i e c t c i e s , i ii f l It it c’tii.ihd ac cept  h,rciiv distorted inp umt s and h ash a vs’ mde ~l nat t i  mc range.
Il, _ ’ c tc . ~’re :mse d L’ o n n t n e \ n t \  ‘1 t In’, ‘ c ’ t ’ s l o o i .  h° ’ ’ ’ .’ y ’° ,o ,’~’, ., Iniosi y hm ~ o hled th0’ o, o m s t  i o f  the u m ni t  anol

added a ma irt ienane c’ , oo h i u s i :nuec i t
L~ reason eac h ot the t oumr o i c ’~ o s her~ was nil od j f ’me cl y l i t  erent lr ’  was that  auidio

,lu’to ‘ r i o  c c ,  im i p u i t  dy’nanum c range . n o o u se ,  ai ’ms h i , l s e — ~a ll—r at e tolerance s soo ,’ re shifferent for s’ac li
.oppro’ac !i use d in 1 IICO\I ,\ Ll’,Ri’. A hthouigh e laborate l , u i oo, r , mt om r r  t c s t s  coitlsh ct cea s ui re y’ ’ao ,’hl
pa rameter. t he ‘actual  co t u hi t o o  o i ls on the I I IC OM net ‘.v o j r k vvc ’rc ’ not known so no “ h o s t

’ ’

t I l i) d i f i c ’a t I O n l  c o y l y !  be determined.
\ fur ther m odif icati on wired the in ternal o i u h i m o  alarm so tha i i t  sv’oulul he sv s o t c he s h

to ilk’ _ 0 0 0 W o conm ieetor , v t n e c u  the alar m w oos v_ t u a i o .’ sh : sp~tc ’e l) M i.ic ’ t s  on the alar m re l,mr svere
y os :s l ‘l’his allowesh the o l ecooder  to be patc h i e m.l in parallel with spea ker s to t h e  11 ICOM
re~e ove r .  \~ lien the ~°n ope r co de vs.is de tec ted .  t h e  a lomm’m C o old be heard over  all the spe: oker s

TEST PLA N

Fir t h e  level of effort t a sk e d by N S .\ i° . f ive ships o v e r ’  no mi iinate o h hr ( ()\1 N
SURFP.\( it) rc cc l v  s’ d’.’ co o lo . r’.. I.acii oleeucler o v u s  ,ossu n i n ie d an ins hivisiu mal code which vsuts
umi l is lume to the ship on sv ’h uchm i t  ‘.vas i l lstalleui , i c e  ~‘ mo ohc ’ s \O’ s ’ l ’ c ’ pert i iouii ent l y s o t  in ~ o o m n s e o , u t n \ _

or der. t ’or t h e  pu rpo se s ol the t e s t s , in o o r o, h c ’r to smt mi p lil \ oper ator task s ml N \\‘ ( O\l \ I S
and aboar d ship. T h e  t c s t  s i :  i” sco re sel e ct esh to be m epi ’esc i n t oo t O S s ’ of the I heel iii sm /c  and
i~ J ’ 1  resp oo ns ls  e t ne s ~ to II l( ( )\1 , Ro ’ ea i i s e  of t his luree number o t t  t c ’st ca l ls , eonìparc’sh to the
nor m , directed at ,inr one ship .  l i v e  control slu t ’ s svere se lec  ted to be cal leu l on t h ’ m th is ’ s Ot i l lo ’
I requlency as this ’ te s t  sii ps . I I o ~’ o’ont m l group enabled comparisons to )  be mao le with resps’s’t
t o t  rs’s po) ns iv’ e m less 0 ) 1  t Im e t~’ ’.t sit ips at iol of ’ t lie rest of I its’ I “lee I .
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l ime f ’o r iu uou l tc ’ st program c o o r i s i s t s ’ o t t o t  la borat oo r r t e s t s , slmi p- imis tal lat iom i tes ts  C i i i  Port).
sl eiiloits tra tis )il tes ts ‘ a t  sco t in t h e  Southicr it (‘a hit u r i m mo m Operating Area. technical measure-
ments , an d post shemnoumis t m .m tioin ha bora tory te s ts

I’hie initial laboratory tests measuresl the ‘v ’ st e mf l  pa ramets ’rs of the commercial units
ami d Jiec ked t i m s ’rn I or proper opo’i ’ .o l m 0 0 : 1 Aslshi tm Lo na l laboratory t e s t s  proved the nt oy iut  ca—
t i o H i s  were fu mm uc ’t io mia l . I he installation tes t s  v e r t I  0c c1 tlo e u p e r a t i o m m u  oh

’ eac h installed unit.
[lie sfen lonst i  .m t io o ns  .mt sea proved the feas ib i l i ty  of t ime  SClc’ c t oo c - . .mll . o mt c ’ o’ p t  and measured
th 0’ re s po i m u s i s  y’ t le’ ,s  li t the tc ’ ’ t  shi ps o c r 5105 t h at of the remi ia mm is ho ’, i) b t ile J:ly.o.t The technical
: c i c ’ ,isu m r e r i l e i l t s  c o m i s i s t e s h  of colleetim ug fa lse-call oi~ ol error s la t. m am m o 1 s amiou s  charac te r i s t i c s  oh’

high-frequency propagatiom i ‘ h ’ hiese nmie a ’ umre nt en ts oso -:’ e c i m m i s l u u c t s ’ s h at prearranged ti m es
1f u o ri ng t h e  .m t — seom shetii on is trat uinis , The postde nio ot i s t rat io t i  laboratory tests were reoiuiired t o

ro’so l’oe st i f icrem ices betvveei i  the eql iipntents whic h were te’o tes l anol the reconimended
specif ication c haracteristics f ’or serv ice equipment.

‘the demomistr ation data vs-cr c’ gomt hered f ro m tvv oi soumrees. N.\VCOMMSTA hogs and
an auto matic recorder at Ni .L(’ . [hs’ recorder at NI: LC wa s established to supplement the
ito) rmnoi l lo o t s  sc ithi l imn iteol piopagation data amid to proviole reo lomno hait cy’ . No ship records.
reports . or milessages W ere reqomire d.

A tc’st sc heo hule vs’as estab hisheol s shum c i provided fo r t e s t s  of selected test ships amid
co mit ro l s h i ps s ix tit h es in couc h 24—hour period. hue te s t s  overe conduicted at random but
were com ust rained t o o  prov ide data for daily variation s in high-frequency propagation.

Because of a b i t e  sch ieduile change. omie of the t ics ’ ships nominated to receive
s’quiipillent was not ava ilable at t u e  time oh’ installation. The progress of the tests at the
lime this ship djol heconie available indicated that th to ’ fifth decoder could best be utilized in
the laboratory to resol ve d lti es tiO tls as they arose. Since plenty of data were available f rom
the four test ships. the insta llation of the f ’ifth decoder was dropped from the schedule.

DAT.-~ ~N -\LYS I S

RESPONSIVENESS IMPROVEMENT
Over 400 call attempts overe made during the slentotistration-test ph ase. Each

F attempt vs oms analyzed for propagation conditions anul approxiniate ship location using
standarol high-l ’requ mencv propagation predictions and ship operating assignments (or track
olata t’rom sbt ips partici pat ing in the exercise ;. instances of known equm iprnent failure anol
rmonres ponsiveness duie to exercise constraints (suich as Emission (‘ontrol (EMCON )
con ditions) vver e eh in iitiateoh , Quiestionable attempts at response were left in since other

acto ) m s  co uld cause the observed ef f ects.
The ships equiipped with the selective-call alarm immediately demonstrated a

- ercent romvv response rate (no compensation for propagation C . This t~gure improved to
4~ percent as t he testing progressed . An additional response of 2 percent occurred when the
om lam nt failed to fu mnction bout the shop anc,ws’res l oms required. A coiisei-~’ative compensation
tm or propagiit iomi I do lie Oil a - - . m l ! — i  o~ —o . ‘oa s i s  v is i ng s t umm o i~mrd ieeh n io iume s and shi p po os i t ir ’ t m i
co rreetes l the initial response rate to 77 percent omnot the fina t respomise rate to °)~ percent.
[lie final rate was reached in 3 slays of testing and remained relatively constant (see figure 2 I.

The control ships initially exhibited a raw response rate of ’ 10 percent which
im proved in a linear manner to a final raw rate of 33 percent over a (i-day’ period. As was
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( I )  LEVEL MA INTAINED EVEN AFTER LAPSE OF TESTiNG
)2i LEVEL DROPS , IF T E S T ~ - . O  i S NOT MAINTAINED , TO FLEET LEVE L IN 8 DAYS

I n _ c o m e ,~ , Rcsp o 0 01 ’ , iOs ’ t t o .’’,s t y ’ s l I h N.

t i n e ~as e ‘.5 t a  th is ’ s’o it nppes l sb f l~~s t Im e I uta h r.m te ro ’ m na mn es h rc ’ i a t u s  c’h r  co i I l s t o I i i t  Onc e i t  OVO is

rc ,mc he~I I hit ’ cot li pem iso it e i l  r e s p o r t i s c ’ r a t e s  fur this ’ control  sh ips oo’ o’re 2,2 po’reo’nt. initial . , m mt d
us po’rc ’ei mt.  ‘u n t il \o ut , ih !o the coomm lp e ns a t mott  t : i o ,  t o t E  vsa s nearh r’ the same for both test
si rou mps . mit  oh u. ut i t n g t he large in flu ms ’ilc’ e Ii mn _ cb m-f ’reo l t m o ’ncv propagation has on 11 KOM respoilsis e—
n icss , \ 15 0 c t  2 perc’ e t l t  o o t  m l !  v ,did calls m o c m t n a t o ’ sI m’ c’e eu v e d  mb rs ’sp o ns e hec ’ om u ss ’ of propaga—
t iof f i  di h ’f ’ic iu l t  ies .

i c e  ‘‘ le , i ri i iccn.! c’ l I E O c ’’ fs ’ .u t i iE c ’ Os o ls s ’ \ ps ’ s’ ted  becau se 0)1 t he low o’~ihI rats ’ on llI( ’O~sI.
Vt ten Ih ic Cal l  rate -~o ms m i .  re .m ’c0i m mla rke s h lr s h umrm mi g the !s ’sI program il . t he operator attenti on
to t h i o ’ net oS or k aIsm ~ im icrea ses l I lie ‘‘learning curve ’’ for t ile I s’st ships s’ons ist s ’ch primaril~
‘I so _ I  t o n i_ c l i e  proper les~- l~ ,umn d f ’amn iliari,ing tI m 0 - operators v smt h eq u i ip mml ent c’ i moirouc ’ te r i s tm s ’s,
I lie Ic ’sI ships rc ’ o m c iis’o f t h e o r  o t i , i l  res po misc ’ level ro mp uol l r  anol held it even when no tes ts  \vs - ro ’

c’oito htic ’ te d ol l ur i m ig 2 m nts ’rv e m n im i g  vs c c ’ k’ ( )n t Ime ot ble r hanoi, the control shi ps too k longo’r t o o
reac h .u r i lax i IiliI i ll t~~s~’o l l lsc ’ .uitd t lieu r rs ’ s t ntmms e o lropps’ol when the r sc e re not to ’s t e s h t’or a
period iii e~~o, L’ ss  o f  5 oi , i o_ s I urther mnore. mio control shi p haol a Perfect respomise rate
vs i u e r ’ .’ .os  b O o ,  test s i i i t ~s I 5 ( 1 C did. ott o ) c c ’ a su o ) m m . reach a rs’sporisms ’ s’ m mes s level of ’ 100 percent.
In nti rmtt .mI Fleet ‘ o i ’ e r . u l i omm i ’ s , t he se lec ’tm o e-~’,il! sr st e i n  s im oum lol improv e I IICOM respoilsivc ’ness
by .11 least . m t I c  t o m  1)1 four ,

13s ’ ca mm s e o f the iimanner in w h ic h testing so oms conoluicted. tho’ f’igures i rese mtteo l itt this
rel’ o t r t  can miot lo s’ co ni str u ie d to reflect direct ly ’  actu i~ml I leet responsiveness levels. The liroject
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i it s ’o i suu ied tIme response t o )  each call a t t em t l p t  am’iol t h e  attempts were made by’ a single trans-
muit t iml g st a t iom m . I’ b e t  ro’ s I oo) m m s t v e i l ess levels are based upon multiple calls fromn several tra ils—
ml l i t t mnn _c s tat iom is ,t iisl res lumre a sit isi ls ’ respoilse within a specified time to any one call attempt.
I o t r  t h is reason . time ra tes mmi easu ired during I lI( ‘U~l Al , !  Rh will always he lower than Fleet
rileasured r ’ a t s’ s ,  I lie tec hti i iq t io ’ ti~eol b y  I hf ( ’( CM ‘\l I’ Ri woi s necessary to discern time full
impact of eac h response probleimi . I ho’ conc luisiom is drawn trout these data ittay be properly
app lied to Fleet ex perience.

OPERATOR l)AT .~
Operators aboard the t es t  sh o ps ex hithited a learning curv e of 3 days which was

attributed to famniliaritation anol set t ing of leo els , Because of the simple miature of the
olecoo littg eq uiipmnent , famti i lma riza tiom t shoulol h o t  h as  e required m ore than I day, ‘[his
obse rvation. however , canm tot he ohiscerned m m~ the data. Level-setting difficulties, on the
other llanoh , um ns ler hine a prey alent proble m vvhui c lt It ltist be auidressed in any study of HICOM
responsiveness.

‘[he ill(’OM \ L J Rf  decoder was equi ippesl svi th an audio alarm which was preset
to he at least 10 to 12 dB above the standaro l auidio level presemited to the speakers. This
level was intendeol to be significantly greoller t li am t normal network tra ffic so that it could be
heard evett if the operator turned ohown the speaker to reduce noise. During the tests , it
vsa s noted that the actual output levels of ’ t he system were set at or near fl~aXiniufli instead
of 0 dB (plus line-loss cOmlieitSation of ’ I or ol B) . As a result . the ALE RT alarm was
about 3 dB below the normal net level at time speaker imisteao l of being at least 10 dB above .
Often time alarm im could iiot he heard in the (‘l(’ where the network guard was maintained at
sea . When the levels were corrected, the equiipm m ment functioned without difficulty.

The level problem results from improperly’ performed equipment checks made as
part of the Planned Maintenance System ( PMS). Normally’ , the level problem is not critical,
but it is svmptom itat ic of a niore serious widespreash prohlemn (affecting at least 40 percent of
the ships suirve y ed). In the opinion of project personnel , the ships do not have sufficiently
exper ienced personnel to support properly the total maintenance load at the level dictated
by the equipment designs. As a com lsequemt ce . mtor mally umiimportam it PMS checks , such as
lev el setting. receive cursory attention. ‘[here is also the danger that the problem extends
to other more critical adjustments called for under PMS. The level-setting problem must be
dea lt with in the acoj uiisition and imnplemueiitation of a selective-call system by providing at
least two independemit au dio alarms (fo r Cl(’ and RA DIO),

A second observation re lative to tite operation of a selective-call system on HICOM
concerns the mttanner in ovitich codes are selected. ‘rite encoder omi the test syste m employed
five 10-position ~v sm t e h ies to select the codes amiol the decoder operated with an essentially
pertuanent co de. In service operations on IIICOM. t h e  codes would have to change daily
with the cllange in call signs. Operator s ansi project ~ersomine l agree that a reasomiable
s ot lutloit woui ld he to permanemit ly oI ’ osuclot t e the ca il ~nc_ c : is ansi co ck ’s . At present , there are
~t ho 36 call signs (p lus sonic I ixed eombb i _t i ’  o m :~oJ i~~. 

‘ consist s ’f ’ two digits fromit a field
cons istitig ot’ t he alphabet amid i t _ c  nuiit l ’ r’n! ’ it is ~‘r ’poveo i that each olecoder ami d encoder
be provided with tvv o 36-position t lcuo tn u ho s  i _ c t - ’ for selecting the code hr setting time proper
ca ll s me n.  A separate encode and o _ io _’cou hc osoou i k i  ~“c provided for a fixed group call. This

- , arrangement will minimize operator errors.
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)ns’ of tIme featuires oi the alarim i o ’qu mip m m le nt vs as an auit o m it at ic alarmi t test  whemt poss’er
Ss .Is ~ti)plio’d to t ime ohec ’oo ler ( iiohs ’~ mio rtiial c’u rc ’ u m u i i s t om mlo ’c’s . this is a co nv e mm iemtt t o ’s t feat ure .
In o o t h i o _ ’~ c i ro ’ u i m u i s t a i i o.’ c’s , stm c h t as o luuriimg trainit ig , s h ui l os t ’requ iem tt ly experie nce power it tterrui p—
t i o t i m s  s s ’ hmm c hm cau is s ’ t h e  o il ar m mm to s o c m m i o l  l y o n  during mtor m iia l  s te a i m u i i t g .  power interru ptions
.mre wI t o _ t e n t  t Ir I’m c’o l ti s ’ il t to be a m l m lo r mug l)uirmn g time tc ’sts , there were imtstance s whem ’m the
too o t ’ t o o t i e  sequio’ilcc ’ \5 ,os oletected b umt i~o v o o m c e  50 015 huears l . I i ts ’ s e l f - te s t  featuire , Is imilp le -

i t i et ito ’ol mit thus ’ ,-\I.i R I te st , c reato ’s h an a m nib i g uui t ~ iii the a la r mml — n i ,— vo io ’ s’ s itu iatio n. Ott so ’s ora l
o U c ,lsm o ns . IL - St s hi u t ss t _ ‘ Cc ’ is  esl a larimus svi t hmou it  voice e om hls at iol interpreted them as powe r-limte
tro ins ie mm ts so imen , ill t o u o _  t , a ca ll 1101sf heo’ii mim i t iatcs l . E la oh  (hue a i m ihi g umit y not heert preso’nt, tIle
~ii u p ovo ut lob i n .m ’. c’ iii it mo ites l call-hac k prucedum res.

l’hme o m umo fio alarmil itiade (use of a warbled tone amtoh vvas ver y ef ’fective iii at t ract i t t g
at tent ion. I lie tone So ols ‘aptly described 015 a ‘‘sic k c oum iar y ’ ’’ anol reso ’ m m m blcd sonto’ types of ’
hii~ h-frequettcy’ trans mil iss ium’Is. ‘l ime time con s tamits of the warbling tort e in future sy steiiis
shoui ho,h he altereo i sligh t ly to elin t imtate arty ’ c’ l iamtce of co lt fusion ,

TECHNICAL PARAMETER ~\ .~Ly SlS
No ohistinction coum ld be made duiring the tests in the performtia mtc e of’ t hree of the

f ’oumr moohitleol decoshers. The fourth obecooler , as modified, had the greatest sensitivity ’ but
t he smallest noise tolerance. ‘[his version ovas virtuially’ disabled h)y the high-t’requency net
m’uo ise and hail to be replaced. l’he remaining ulecoders all exltihited proper input dynam ic
range and noise toleram tcc , Variations in tolerance of au dio olistortion. predicted earlier .
were comp letely masked by the characteristics of the tumning- f’ork tone filters, These filters
were found to be su sceptible to ouhd-ori.her harmomtic distortion which is v-cry’ common imi
Navy coilmmunicatioiiS tietovorks becau se of ’ the severa l audio compressors in the transmit-
rece ive path uiseoh for smitoothing signal-level variations. Laboratory’ tests successfully
ohuip hicated this odi.t-harm ltonic distortioii and demonstrateol a f’ix whtic h uses active filters in
place of the tumi ing-f ’or k type. ‘[he requiired tole ramice of harmitonic distortion is estimated to
he IS percemtt .

‘rime es t im mi ated false-a larm rate tF .\R is I . i~ percent. FAR tuirmied outt to be virtually’
indepemidet i t of niool it mcat ion differences which affected the ability’ of the decoders to
distinguish het ss ee mt interfering tories. The predomtti nunt factor omffecti ng FAR ovous l’out mto l to
be network noise. This tioise is capable of caulsing an apparent slropout of a tone. under
wea k-signal conu l itionms. which co ul ises the sheeoder to cou nt the tone tvvice amid to f ’alse l
trigger the alar itt. ~sIore seriou ms is thi~ alarm failuure rate I ,AFR C of 2 perceti t amid it is eom umsed
by the sa me ntechanisni w h ich resum lts in tIle F’ AR huit is a failure to trigger the proper
o ieeo )sler , lmi practice. the FA R is muich less serioum s heca umse the falsely aharmtied ulecoder will
probab ly’ not he svithin radio range of the t ransmilitter and thc’ false alarm is nondamomgimtg
operationally . The ,.\ FR becomes negligible if an operational procedure is umse ul in which the
call is repeated if no answer is htezmro l or if t here must lie a change iii tomtes to aolvance the
decoder count, ‘l’he tests indicate that the latter approach is pre ferred hecau is’_’ it el imi mtates
a possible source of operator error anoh becaumse it iniproves the resistance of tile sy stem to
certain kinds of jamm ing and interference.

A nutrnber of tinte comistamits imi the H l( ‘( )M itet affect the sequmence oh’ t lte tr a m ’msm ti itte ol
tones. During tile test .  a i-second tone f’ollowech by four tones eac h I ‘o second in iemtgt im
triggered tlte alarm equipmitenit. The time con stants were such th at the shorter tom ies were
lost sporadica lly. The problem can apparently be solved by extemidimig the length of ’ the
shorter tones to 1/ 2 second , Dependimig upon t lte code-recognition schem ite iaseol itt tIme
decoder . the first tone also may have to be extended ,
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SYS’l’E%l IMPLEME ~~T.ATION

EQUIPMENT .
~CQUISITION ANt) DESIGN

No equm pu mme n t currently es ms ts w imi c hm appears to meet the requirements of ’ the
Nasy ‘ s llI(’OM network. I looo ’ever. th ese reoluireme itts can well be m e t  within the
establis h ed state-of-tIme-art , amid t he qu lantitte s of s’o~Liip1lteilt to he procured are of interest
to c omm im mmercial sompp lters , Siitce there are nuutmero us prospective suppliers . a comm ipetitive
procurement appears ilmost prom lims imtg . ‘l ’ ime pert ineilt tec h nical t’eatures to be incorporated
in this new eqwp it mettt are summarized in table 2. If an acqumisitiom i is pursimed wh iclt is
based uiport a si itgle contract t’or preprodumction amid l)roductiomi (comtting ent upomi satisfactory ’
testing ansi service approval and with appropriate test and warrant y’ clauses invoked , the
expected costs should track with table 3. ‘[lie rec emtt developniem’i t of ’ dual-tone oscillators
com mtpris ed of au imiexpensive integrateol circuit coum ld reduce the cost of ’ an encoder to as
little as $300.

INSTALLATIONS

The encoders should be suifficiently small so as not to present any installation
problem, The distortion and timing specifications shoutld allow the unit to be plugged in and
wired to the output lines at the operator ’s coitsole. Two outputs should be provided for
driving the primary and secondary chamtne ls imido’pemidently. One encoder will be required
for eac h command operator and contntunicatio mts station.

The decoders should be installed in CIC (t igumrc 3) where the HICOM guard is
maintained at sea. A speaker and a rem ote umnit shou ld also be installed in CIC, and cable
runs for a second reniote umnit and (lie input/output h u e  (to be wired into an aimdio patch-
panel) will be required in RADIO, Installation costs in table 3 assumnie a nominal cable run
of 200 feet between CIC and RADIO.

SCOPE
Several implementation scopes may be comtsidered. These range from outfitting

major combatants only to outfitting all ships normally required to guard HICOM. Anoth er
option is to provide both decoders and encoders to ships or to install decoders only.

An a lternative implemitentation involves broadcasting the alarm’n itself at a significantly
higher level than normal tra ffic. This would require only tone oscillators at the transntitting
sites and would avoid the considerable expettse of’ decoders amid more sophisticated encoders
as well as the insta llation costs aboard ship. The UICOM ALERT data show that sh ips will
respond to this type of alarm at a rate similar to the best attainable through intensive
training. This rate is well below that attainable witht the selective-call system but is a very
significant improvement over present methods.

This approach requires very judicious um se suich as restricted to priority’ traffic only
since overuse wi ll rapidly deteriorate responsiveness. Because of its great potential t’or abuse
and the increased opportunity f’or mua king enemy countermeasures ntore effective , this
alternative is not recommended hr this st u dy. N~’o er chieless. th is method must be weighted
with other factors in choosing an approach I’or the so lumtio n of HICOM responsiveness
problems.

_ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~
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~‘oo _ ’ bs ’e l ivc ’c .m hl coo de ’ possible I , o) (~ co des so’ls ’ c’ ied by 155’, ,i(t-d mna m
sSS I t o _ l i e s  plums I fIx ed c ttd s ’

*( ‘ o mI t ta i lomi s’ proih .thihit~ I x I U ”

(‘ nIm ~o .otmI Ic vo’ it li ts’bo’p Iionm~ tum w .m im d m oo a to fo ’ ram icc of 20’; hmarnmo imic dmsmort iou i
.mno_ h \.iss hu m t m o i m o s n n l s i o o h i  ‘or s ic ’ Im m s h , () 4 -so ’ c o t mm d t i m imui nmumim to niC du u rat m o m o

*( ‘oiml p,mtihhc so’ ith ss bi h t s o o i ~o’ I o o>- iu u oc ’ c ode digits w mt hi to m ie- d if ’Ie re ioce
det ee t io n u

P0055cm sto u mm oc ’ II 3 V a~, ~O lIz. 10 per MIL .L-1040 ()

*False call probability I x I 0~ 
—

*iiilplio~S d~ie~m~d t otiue acc l i ro ic \ ui 2 1  It

EN (’ ODE ’ R ONL’i’

()uupuiu . 2 output h i m uc s 0 dBmn into ) 125 or 600 ohitis

Able to citcode all possib le codes with
separate encoding sw imc iies for the
switc h~se lecmable codes amid the tixed
oOo ) dC

Optiomial transmitter key line
\I TB F l ’ ~ 000 hto)urs

l)E(’ODER ONLY
Input/output on sau te I mne

Input ra mi ~ e —20 to + 15 dBnm at 600 ohms

Output + IS dBni iutto 600 ohms

Provision for 2 rem ote call indicators
with visua l indicators wh ichl may be rCse t
F ro m either remote aitd wit t u an aomd io alarm
Output of ’ I w a i t  ( ili in) Oi~ to 4  sva tts into ~
ohms. Remote wtj is m a y  he up to 600 feet
away.

Al ar nm test function

,-\Ne to ) decode 2 codes: 1 s wmt c t -selcc ted
and I fixed
M TBF 10 000 hours (mill)

I N v i R( )N\ll’NT,-\t .

1 .  Temperature 0~50°(’

2. llumidity 0)5’ at 30°C: uS’ ’ at 50°C
3. Vibration I decoder only) 0.7 g (6.~uS ni/ ~2 ) 10 Il, to  60 liz
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1 •\B t .h
I hl( ’OYol SLLECTIVE- (’A LL IMI”I.LYoILN’I .t I’ION (‘Q5 IS

l)evelopumiciut S 135000 no n reeurr im mg

I Cs t s a lma uitipieuiie i ltat mofl 75000 umom urecurrin g
ou dniii t ist ratms’ o,’ ~& O ’ o 1S

Encoder acqu iismt iomi 1350 per umj it *
Decoder acquisition 1450 per unit e’
1:mncods ’r installation 500 per site

Decoder uml sta llatuon 9500 per ship***

* for 40 uin itso adjust along ~5’; icarm uimmg curve, New e m technologies nmma y significantly reduce this cost
but iiucro .’ass’ deve loapit temi t costs sligiutly.

** t o o r 300 units: adjust alouig ~51~ learning curve.

~~ assumes 15500 0O.t oj o t cable runs t
’rou mm CR’ to RADIO: this figure could vary significantly front class

to c lass ,‘tIso ’, cost night be reduced 40°/c by comnbiuling two cables into one and sp litting theiii at a
junction box in RADIO. Costs assu m e shipyard insta llation vice ship’s force imista llation, the batter
probabl y practical and much less expemisive . For examp le, a FF 1052 Class installation should be under
S2000 including an allowance for tender assistance .
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Figure 3. Decoder block diagram.
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RECOM MEN l)..~’I’lONS

I\IPLE\I E\ F A T I O N
The iIl(’OM .\LER’F demnon”,tr a te d co nc lu ls ise ly that a selective-call alarm .systen l

can smgmtit ’ic’otn t lr o’nhmait ce the respo mi sm s c Oo ’S5 0) 1 the I lI(’OM network. ‘l imo’ resui l Is of the
“tuisly muist be ~om’ism s lereui to ,  be even more significant in Fleet operations than under test
cu) itc lit ioii5, f iims is h e 0 . .oos e .  in I leet oo p ero o t iom i s . calls f’romn im mu i ltiple stations will reduice the

• m uipact t o t  hi gh !requiency bit propagation oit responsiveness . Th e  potential valum e of the
s~~sto ’iii eo ums us lereol in t ime stui s l ’o us u i  the h igh response rate which can be attained with
c’\ iS tilit! tra i i tu mme levels. ..\ higher level of ’ tra ining was shown by the tests to intprove response
rates hut this lesel oa t tr am mi m ng is probably impractical. Furthermore, the response rate , w hemt

0 t he se l e e tm s e ’ com l l  sr s t e m m u  is umsed , will probably he higher than the best attainable with
iutt emt s iv e training.

‘rite dec ision to imp lement sel e etu s e call f’or I Il(’OYoI mumst consider the current levels
oa t res po ) nsus o ’ness . t he costs of the syste im i . the practical sched uules for implementation versus
t he availabil i ty ot ’ alterna te paths lso ute l l i te , and the importance of ’ the HICOM network.
hnter s me ss s ~ it bi Fleet persomi ite l lead to a strong recommendation for implenientation
including the installation of decoder equiipmeiits on all ships.

R ESPONSIVEN ESS PROB LEMS

High- f’req uency propagation is the primary fac tor affe ct ing HICOM responsiveness
if single-station transmissions are coitsidered. Operator responsiveness is the primary’ factor
if good operational practices are followed , amid this factor can be virtually eliminated through
the um se of a selective-ca ll system. Propagation at high frequencies is a problem which can be
solved only to a degree depending uipon t h e  location of the ship. the time of day, the tinie
of year. and other factors . High-frequency commtiunications do not provide 100-percent
world coverage 100 percent of the time. Even the most optimistic estimates of high-
f req uiencv propagat ion can be less than satisfactory , The propagation problem can be
solved only’ if another mode of transniission is umsed. Such a new mode is reconimended.
‘rite proposeul selective-call systemn will be uiseful even if a new mode is eventually used.

Operator error was cited previously as the third itiost prevalent problem factor.
‘Ibis is l ike ly  to he a problem found sporadically only on individumal ships. In fact , all
prortkni factors other thami the primary two account for less thami 3 percent of the total
responsiveness impairment. Wi th a selective-call system. improvements in responsiveness
m~ma y he obta ined by initiating a groump call at predetermined times followed by a test
annoumncentent. Corrective action could be initiated by ships which did not receive the test
call omi schedule. This procedure is highly recommet ided if tlte proposed system is
imp lem iiemited.
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